Background: Accurate assessment of complications is critical in analysing surgical outcomes. The post-operative morbidity index (PMI), derived from the Modified Accordion Severity Grading System and American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP), is a quantitative measure of post-operative morbidity. This study utilizes PMI to establish the complication burden for a distal pancreatectomy (DP). Methods: From 2005-2011, nine centres contributed ACS-NSQIP complication data for 655 DPs. Each complication was assigned an Accordion severity weight ranging from 0.11 for grade 1 to 1.00 for grade 6 (death). The PMI is the sum of complication severity weights divided by the total number of patients.
Introduction
Accurate reporting of post-operative complications is critical in evaluating surgical outcomes. Although the incidence of post-operative complications can be discerned fairly reliably, inconsistencies in documenting both the nature and severity of post-operative complications have hindered the ability to compare results. Several grading systems have been devised to assess the severity of post-operative complications. The T92 (Toronto 1992 or Clavien) grading system was the first severity grading system described. 1 Modifications of T92 including the Clavien-Dindo system and the Accordion Severity Grading System followed. 2, 3 The validity of the Accordion system was assessed by surveying experts using 12 hypothetical surgical case vignettes -each conforming to a level of severity defined by the Accordion system. This process resulted in a slight adjustment known as the Modified Accordion Classification System. 4 Perhaps more importantly, numerical severity weights that were statistically different were established for each of the six grades present in the Accordion scheme. This effort, for the first time, provided a method for quantifying the severity of post-operative complications.
In addition to a quantitative measure of severity, the ability to track post-operative outcomes across institutions is facilitated by standardized definitions of thresholds for complications and uniform methods for gathering them. Currently, these goals exist within the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) system. [5] [6] [7] [8] [9] This programme requires trained data experts to review the medical record and identify complications that fit within one of 22 rigorously defined categories. This strategy promotes consistency in the recognition of complications that can be applied across time and institutions.
The Modified Accordion severity scoring system has been combined with the ACS-NSQIP to create the post-operative morbidity index (PMI), the first quantitative measure of post-operative complications at the cohort level. 10 In its initial description, the feasibility of quantitative morbidity scoring was demonstrated for a variety of common abdominal surgical procedures performed in a single institution over a 5-year time period. 10 The aim of the present study was to further illustrate the utility of the PMI concept by determining the PMI for a distal pancreatectomy (DP) in a multi-institutional fashion. PMI establishes a benchmark for the morbidity of this procedure that can be referenced across time and institution and also has the potential to provide a quantitative assessment of procedural risk for patients.
Patients and Methods

Patient population and data acquisition
A PMI study group was assembled that consists of nine highvolume pancreatic surgical practices encompassing 42 surgeons. All were participants in the ACS-NSQIP quality assessment programme. Surgeon champions from each of the participating practices were experienced with severity-based complication assessment and maintained additional retrospective practice databases. An institutional review board application was written and approved at the University of Pennsylvania allowing for transfer of de-identified, pre-existing data between institutions.
Patients who underwent elective, non-traumatic DP between 2005 and 2011 were identified by ACS-NSQIP data abstractors at each of the nine institutions. As per ACS-NSQIP's accrual methodology, a percentage of cases are evaluated as chosen independently by the ACS-NSQIP raters. Thus, these do not represent consecutive cases at each institution. To identify the operations, the following Current Procedural Terminology (CPT) codes were queried: 48 140, 48 145, 48 146 and 48 999. Cases coded as 48 999 were individually reviewed and included in the analysis only if they represented minimally invasive DPs. Operative reports were reviewed for the included patients to further categorize the procedures (e.g. DP with resection of an adjacent organ). An ACS-NSQIP data set that included the 22 standardized post-operative complications was generated at each institution for the included patients. The ACS-NSQIP methodology has been described in detail elsewhere. [5] [6] [7] [8] [9] 11 Notably, these complications must occur within the first 30 days after surgery. In addition, the non-NSQIP complication of a post-operative pancreatic fistula (POPF) was also recorded.
Complication severity assignment
For all cases identified as having a ACS-NSQIP complication, the medical records were reviewed by two members of the investigative team, and complications were graded independently according to the Modified Accordion Classification System. 4 Any discrepancies between the two reviewers were reconciled by the senior authors (C.M.V. and S.M.S.). Each complication was given a grade of 1-6. Numerical severity weightings ranging from 0.11 for a grade 1 complication to 1.00 for a grade 6 complication (post-operative death) were assigned to each grade as previously described. 4 In accord with the original work developing the PMI, only the highest grade complication is reported for cases in which multiple complications occurred. 4, 10 The other complications were classified as 'not highest grade (NHG).'
The NSQIP monitors intra-and post-operative transfusion as a single outcome. Essentially, a blood transfusion given at any time from the beginning of a procedure to 72 h later is logged into the data collection. As this study was concerned solely with post-operative complications, it was desired to filter these data. Therefore, the NSQIP-assigned complications of Bleeding/Transfusion were removed from the analysis if there was not a post-operative bleeding event (i.e. a blood transfusion or an intervention to stop bleeding) evident from the practice database. Stated otherwise, patients who were included in the NSQIP category 'Bleeding/Transfusion' because they had received blood only intra-operatively were not considered to have had a post-operative complication for the purposes of this study.
Surgeon champions were also asked to supplement the ACS-NSQIP data with other data from the retrospectively-collected databases. The variables that were used were initially defined for the study team and interpreted consistently across the participants. These included additional pre-operative comorbidity data, intra-operative details, pathological results and procedure-specific complications not encompassed by ACS-NSQIP during the study period.
An ACS-NSQIP sponsored Pancreatectomy Demonstration Project for procedure-specific complications such as a POPF has occurred nationally, but was initiated after the termination of this present study. 12, 13 Therefore, only the original available ACS-NSQIP definitions for post-operative complications were available for this study. To be able to evaluate the influence of POPFs in this study, specific threshold criteria were needed. These were first based on the International Study Group (ISGPF) definition 14 and then stratified for severity by the Modified Accordion Grading System. POPFs were considered clinically relevant (CR-POPF) if they held a severity grade of 2 or higher.
Quantitative severity weighting and PMI
The Total Burden of complications in the entire population was calculated by summing the weights of the highest-grade complication in all patients who sustained a complication. 10 The same value is obtained by summing the burdens of each of the individual ACS-NSQIP complications. Notably, in some situations a severity grade could be assigned to two or more complications. For example, a patient could have a grade 2 complication attributed to both a urinary tract infection (UTI) and a superficial incisional surgical site infection (SSI). To address this issue in these instances, we divided the severity weight equally among 'tied' complications: if both a UTI and a superficial incisional SSI resulted in a grade 2 (0.26) complication in one patient, we assigned a severity weight of 0.13 to the UTI and 0.13 to the wound infection.
The Post-operative Morbidity Index was calculated by dividing the Total Burden by the number of patients in the study. PMI indicates the average burden of the procedure for all patients regardless of whether they had a complication. A PMI of zero would indicate that no patient had a post-operative complication, whereas a PMI of 1.00 would indicate that every procedure in the series resulted in a post-operative death.
The Average Burden in Complication-Bearing Patients is the Total Burden divided by the number of patients who incurred complications, rather than the total study population. This metric provides a measure of morbidity in just those patients who actually suffered a complication.
A Severity Spectrogram is used to display the relationship between the fraction of complications attributable to each of the six severity grades and the burden attributable to that grade.
Statistical analysis
The mean PMI of all institutions was calculated as a grand mean of the PMI of each institution and was weighted by the numbers of DPs performed in each institution. Likewise, the standard deviation of the PMI was calculated as the weighted mean of standard deviations of institutional PMI values. Patient severity weight (0-1.00) was used as the dependent variable in regressions seeking correlates to PMI. Categorical variables were tested using two-sided independent sample t-tests and anova. For continuous variables, univariate linear regression was used, and variables with P-values < 0.05 were considered significant. Analyses were performed using SPSS 20.0 (IBM Corp., Armonk, NY, USA).
Results
Demographics and procedural data
From 2005 to 2011, 655 patients underwent a DP. The preoperative demographic data and the procedure details for these patients are summarized in Table 1 . The average age was 62 years (range: 19-92). 59.2% of patients were female. The majority of the patients were ASA grade 3 or higher. Diabetes was the most prevalent comorbidity occurring in 21.5% of patients. No other comorbidity was present in more than 10% of patients. Neoadjuvant treatment for malignancy was rare (0.8%). Just over a fifth of the resections were accomplished in a minimally-invasive fashion. The median estimated blood loss was 300 cc and 15.4% of patients were transfused. A splenectomy was performed in 516 patients (78.8%). 16% of cases required a resection of an adjacent 
Frequency of complications
The occurrence of all ACS-NSQIP complications by severity grade is shown in Bleeding and OSI were the most common complications, each occurring in 7.2% of patients. However, while 80% of bleeding events were Accordion grades 1-2, 37 OSIs (82.2%) were grade 3 or higher in severity and thus required an intervention or resulted in organ system dysfunction. When viewed by grade, grade 2 complications were the most common. The mortality rate for a DP was 0.6%. That low rate is in spite of the fact that over 100 cases required a multi-visceral resection and a vascular procedure was required in nearly 50 patients. Accordion Severity Grade 4-6 complications in general tended to be uncommon. Only 28 of these complications occurred as the highest grade in the 655 cases. The most common were septic shock, respiratory insufficiency and death; each occurred in four patients. No ACS-NSQIP complication category was responsible for more than four grade 4-6 complications. a Represents percentage of all patients in the series (N = 655). b Not Highest Grade -complication occurred but was not the most severe complication the patient suffered. There were 12 patients with multiple complications of the highest grade (e.g. 'ties'). There were eleven two-way ties and one three-way tie. In those circumstances, Burden was divided evenly among tied complications as described in the Methods. SSI, surgical site infection; CPR, cardiopulmonary resuscitation; CVA, cerebral vascular accident. Table 3 summarizes the contribution of each ACS-NSQIP complication and of each Accordion grade to burden in this series. As previously described, burden is calculated by assigning points to a complication depending on its severity. 4 The severity points per complication grade are shown in the header row of Table 2 .
Average burden of a complication
As discovered previously, 10 each type of complication can span more than one severity grade. Thus, the severity of complications is not necessarily reflected by their frequency. For instance, although OSI represented only 7.2% of overall complications, it contributed 26.1% of the burden. In the case of OSI, the frequent need for intervention accounts for the considerable contribution to burden. Other significant ACS-NSQIP complications by average burden in the series were bleeding/ transfusion (15.6%), UTI (8.7%), death (7.0%) and superficial SSI (6.8%). Also presented in Table 3 is the contribution of each Accordion grade to overall burden. Grade 2 complications, which accounted for almost 50% of complications by incidence ( Table 2) , received the highest number of severity points and thus contributed most to burden (38.3%), Grade 4-6 complications were much less common but they were responsible for 30.4% of the overall burden. In contrast, grade 1 complications made up a fair percentage of complications (10.1%), but their contribution to burden was trivial (3.3%). This disparity between the incidence of particular Accordion grade complications and their contribution to burden is illustrated in the Severity Spectrogram (Fig. 1) .
Calculating the post-operative morbidity index
The total burden of complications is calculated in Table 3 using the severity weights for each complication. In aggregate, the total number of severity points for this series is 56.98. This number divided by the total number of cases, 655, is the severity points per case -also known as the PMI. The PMI for a DP in this multiinstitutional series is 0.087.
As noted previously, the majority of procedures had no complications; only 177 cases had a complication. Thus, the Average Burden in Complication-Bearing Patients was 0.322. Based on this analysis a patient could be informed pre-operatively that their chance of any complication is 27% (177/655). If a complication were to occur, its severity on average would be 32.2 on a scale of 100. Figure 2 provides the non-risk adjusted institutional PMI for a DP across the nine centres that contributed to this study (range: 0.065 to 0.119; P = 0.407). The grand mean PMI of 0.087 with a SD of 0.011 from these nine institutions establishes a quantitative benchmark for complications of a DP in high-volume centres within the United States. Table 4 summarizes those variables that significantly influenced morbidity on univariate analysis based on the PMI in the presence versus the absence of the variable under consideration. No difference was observed for most common comorbidities (diabetes, chronic obstructive pulmonary disease, coronary artery disease and bleeding disorder) with the exception of neurological disease. Pre-operative jaundice, haematocrit, platelet count and international normalised ratio were not associated with post-operative morbidity, but pre-operative leukocytosis, elevated serum glutamic oxaloacetic transaminase, elevated alkaline phosphatase levels and decreased albumin were. Operative time, operative approach (minimally invasive versus open), the need for vascular resection and drain placement had no effect on post-operative morbidity, nor did the performance of a splenectomy (P = 0.946). Multivisceral resections involving the colon were more morbid (P = 0.041), whereas those requiring a nephrectomy were not (P = 0.961). PMI was noted to increase significantly with consid-erable blood loss and when concurrent procedures were performed. The pathological diagnosis did not influence postoperative morbidity (P = 0.656). While PMI varied significantly between individual surgeons in the series (P = 0.023), surgical experience, assessed as both continuous and discretized (5-years intervals) variables, did not influence PMI.
Factors associated with the PMI
PMI and POPF
Currently ACS-NSQIP does not account for procedurespecific complications. In the case of a pancreatectomy, this is best illustrated by a PF. Although a POPF is perhaps the most important technique-related complication in pancreatic surgery, it was not accounted for by ACS-NSQIP during the period of this study. A POPF is, however, frequently associated with standardized ACS-NSQIP complications (e.g. OSI or sepsis). Because of the potential significance of POPF in a DP, its effect on PMI was determined in this study by applying practice-level data.
In this series, a POPF of any kind was noted after 22.7% of procedures; 9.2% (N = 60) were clinically-relevant fistulae. The presence of any POPF, and especially a CR-POPF, was strongly associated with post-operative morbidity. PMI in the absence of a POPF was 0.066, whereas PMI in the presence of any fistula was 0.161. PMI rose to 0.294 for patients who suffered a CR-POPF (both P < 0.001 compared with no fistula). While the overall PMI in this study was 0.087, that value rose to 0.106 when baseline NSQIP complications were augmented by POPF data accrued from the individual centres' databases. 
Discussion
Accurate, generalizable reporting of post-operative complications has thus far been difficult to achieve. Traditionally, these outcomes have often been reported as lists with their severity often measured using non-specific terms such as 'minor,' 'major,' or 'severe' . Classification systems for complications began with the T92 (Clavien) classification that introduced the concept of severity grading using objective criteria. 1 This approach was furthered when the Dindo modification and Accordion Severity Grading System were published. 2, 3 The PMI concept illustrated here has several advantages over these prior methods. First, it is based upon ACS-NSQIP. Complications are therefore identified in a rigorous, meticulous fashion by trained agents, and definitions for these complications have been standardized. Most importantly, this process sets a threshold for every complication which was previously dependent on subjective judgments. Second, PMI is quantitative and thus represents an advance over the use of imprecise, non-specific qualitative terms. Third, it accounts for the fact that complications of one type can have varying impact across the severity spectrum. 4, 10 Lists of complications by frequency do not relate their severity. Fourth, it is generalizable. Because ACS-NSQIP methodology can be applied across institutions, PMI can be calculated at any major centre that participates.
In this study, complications after a DP at nine major centres across the United States were thoroughly reviewed. While these DPs were not all the patients consecutively treated at these centres, the 30-day mortality rate was an acceptable 0.6% and almost 75% of the patients suffered no complication. Furthermore, Accordion grade 4-6 complications were infrequent (15.4% of all complications). These data suggest that a DP when performed at major centres is a relatively safe operation. This work further demonstrates that the incidence of complications does not fully reflect their severity -a central tenant of the PMI concept ( Fig. 1) . While grade 4-6 complications were uncommon, they contributed disproportionately to the morbidity experienced by patients (30.4%). These findings in aggregate are quantified as the postoperative morbidity index -a severity score accounting for all complications after a procedure in any particular cohort studied. Using ACS-NSQIP as the platform for complication grading, the PMI for DP is 0.087, and the Average Burden in Complication-Bearing Patients is 0.322. Based upon our data, a patient could be informed pre-operatively that their chance of any complication is 27%, and if a complication were to occur, its severity on average would be 32.2 on a scale of 100.
The PMI for DP was calculated in a multi-institutional fashion from nine major pancreatic surgical specialty centres. This establishes a benchmark for the burden of morbidity of DP in highvolume institutions and illustrates the potential of the PMI to evaluate institutions in operative outcomes. Centres in which the PMI is higher than two standard deviations above 0.087 have fallen short of the standard set. Analogously, those who measure lower can be seen as exemplary performers. The PMI can also be used to track outcomes over time. DP is a long-standing, welldeveloped procedure, and its morbidity when done in a traditional fashion may not change. However, in recent years, a variety of alternative approaches are being applied even in technically demanding situations. In this work, no distinct differences could be discerned for technical variations such as minimally invasive approaches or splenic preservation. The PMI provides a standard of morbidity to be referenced as technical advances are scrutinized and adopted. In spite of its advantages, flaws exist in the calculation of the PMI that will be addressed moving forward. The PMI is not yet risk adjusted. Thus, the PMI at any particular institution may reflect the physiological or demographical parameters of its patients but does not account for these differences. In this study, pre-operative variables associated with significant differences in PMI are identified. However, multivariate modelling, necessary as a platform for risk adjustment, is a complex process in that the PMI is not a dichotomized outcome metric. Second, the PMI is calculated using the ACS-NSQIP system. This system is advantageous in that it is rigorous, it reliably identifies post-operative complications and it can be applied across institutions. However, ACS-NSQIP is not ubiquitous worldwide, and the system does have its drawbacks. A recent study that cross-validated ACS-NSQIP outcomes with an institutional database identified discordance in complication assessment between the two. 15 Notably, this was most significant in the area of bleeding/transfusion. Modified application of this complication was also deemed necessary here. Discordance also existed to a lesser degree for other complications. A second disadvantage is that ACS-NSQIP did not fully account for procedure-specific complications such as pancreatic leak, delayed gastric emptying, bile leaks and others at the time of this study. The present work showed that when ACS-NSQIP was augmented with POPF data derived from practice data sets, a considerable increase (20%) was observed in the overall PMI.
While the utilization of ACS-NSQIP in calculating the PMI is subject to these imperfections, no alternative system for identifying complications across institutions in rigorous, reliable fashion is available. The advantages of NSQIP at this point outweigh its disadvantages. The need for a hepatopancreatobiliary-specific ACS-NSQIP has been suggested elsewhere, 13, 15 and we expect that the PMI will become even more accurate as procedure-specific iterations emerge. An ACS-NSQIP Pancreas Demonstration Project has illustrated the feasibility of collecting pancreas-specific data. 12 When multiple complications occurred in one patient, only the highest grade complication was scored. The Modified Accordion Grading System has six statistically separated grades developed by expert opinion. While scoring the burden of multiple complications in one patient in aggregate is possible, it is difficult to maintain statistically different grade levels and to do so without manipulating the input of the expert utility graders. A method of calculating the total burden of multiple complications -which we have done using utility grading -has recently been published. 16 This was achieved by adjusting the input of the graders and allowing some overlap of the grades. Thus, grading multiple complications collectively is feasible but comes at the stipulated cost. Future work should be directed at uniting the best parts of these methods.
In summary, the PMI has been utilized to define the unadjusted burden of DP in a multi-institutional fashion. A benchmark has been established which can be referred to for the performance of this operation across time and institution. Furthermore, a quantitative morbidity estimate has been established that has the potential to be used in discussing the risk of this procedure with patients and for comparative research purposes.
